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Final Report
Low Luminosity, Low Temperature Clusters

1 Introduction

Clusters of galaxieswith low x-ray luminosity and low gas temperatures representa classof

clusterswhich can provide unique insightsinto the relationshipsbetween the diffuseintra-

clustergas and the galaxies within the cluster. In contrast to rich dusters which contain

a bright intraclustermedium, in these low luminosity clusters,x-ray emission from both

individualduster member galaxiesand from the diffuseintraclustergas isdetectable.The

Einstein observationsofthisclassofclustersonly served to indicatetheirinterestingpotential

but lacked adequate spatialresolutionand the low internaldetector background needed to

study these faint,low surface brightness systems.

2 Completed Analysis

We (Finoguenov et al. 1996) have carried out a detailed analysis of the ROSAT data for

A194 and a less complete analysis for A76 because of its lower flux. For A194, Figure 1

shows the wavelet deconvolved image superposed on the digitized optical sky survey image.

The wavelet transform smoothing is a new technique that smoothes without degrading the

resolution of the image and is in this sense similar to adaptive smoothing (see Vikhlinin et

al. 1996). A194 is rather unique since the emission from numerous galaxies can be seen

along with that from the hot intracluster medium. In addition to the galaxies, additional

serendipitous point sources are seen.

- We have defined a set of energy bands which serve to characterize different properties of

the emission from the hot gas seen in the galaxies and the ICM. Using the standard notation



of Snowden et al. (1994),we found that the ratio(R67-R45)/(R67+R45) provides a robust

estimate of the gas temperature. In Figure 2 we show the derived temperature map (grey

scale),overlaid on the X-ray surface brightness contours (R47; broader band image). The

temperature scaleissuch that darker tones indicatecooler regionsand lightertones indicate

hotter gas. Corresponding to decreasing surfacebrightnesscontours, the uncertaintieson the

derived temperature map increase at fainterfluxes(away from the clustercenter). Hence,

the changes in greyscale beyond the outer contour of surface brightness are not statistically

significant.The cooler emission associated with the bright galaxy near the clustercenter is

apparent. Small temperature changes are seen, within the outer surfacebrightness contour,

but for the most part, the clustercore isapproximately isothermal.

We have also shown that the heavy element (Fe abundance) could be approximately

mapped using the ratio (R2-R67)/(R2+R67) assuming that the hydrogen column density

is approximately constant. We have used thisratioto derive the "abundance" map for the

cluster. No strong changes in abundance are seen. We plan to compare the ROSAT and

ASCA abundances since there issome question as to how well ROSAT can determine the

heavy element abundances with itsrelativelynarrow energy band. Hence, while the ratio

(R2-R67)/(R2+R67) formally yieldsa measure of the heavy element abundance, we are not

certainthat thismeasure isaccurate.

For A76, we have only begun the analysiswith the wavelet transform analysis and the

ratiosof the energy bands. In Figure 3, we show the smoothed contour map of the ROSAT

image. The number of counts in the image is much smaller than for A194 and hence the

possible analyses willbe significantlylimited. We also show the wavelet smoothed image in

Figure 4. While the amount of detailedinformation islessthan for A194, A76 does show a

_remarkable amount of substructure.
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